Reply to Comment on 'Drought variability in the eastern Australia and New Zealand summer drought atlas (ANZDA, CE 1500 -2012 This reply is in response to Vance et al (2017) , who expressed concern that their Law Dome summer sea salt record (LDsss; Vance et al 2013) and two Interdecadal Pacific Oscillation (IPO) reconstructions (PLF and DT-median; Vance et al 2015) were not compared properly in our recent study (Palmer et al 2015) describing the eastern Australian and New Zealand summer Drought Atlas (ANZDA) and that this omission mischaracterizes their records. The focus of their concerns were the correlations presented in table 1(b) of Palmer et al (2015) , in which the relationships involving three types of climate indices were described: The basis of our study was the application of a regional network of well-replicated sites and samples of annually resolved climate-sensitive proxy data with no dating errors or missing values to reconstruct austral summer (December to February, DJF) drought variability. All of the 177 records used, except one, were tree-ring chronologies. The one exception was the Havannah coral reef series, a well-replicated, single-site chronology data available at www.ncdc.noaa.gov/paleo/study/18917) with a proven hydroclimatic signal over Queensland in a strategic location consistent with the ANZDA target field. We appreciate that there are other potential hydroclimate proxies for the region that could be incorporated into a revised ANZDA in the future (such as Antarctic ice cores, Australian speleothems, and other regional coral records). However, in Palmer et al (2015) only replicated and absolutely dated (i.e. zero error) proxies were chosen and our primary motivation for using the Law Dome ice-core records was as a record of past climate variability for the region that was independent of the ANZDA reconstruction.
Vance et al (2017) expressed some concern that Palmer et al (2015) In Palmer et al (2015) we focussed our comparison between the ANZDA and various climate indices and proxies at annual time scales. We agree with the point raised by Vance et al (2017) this draws attention to the need for unsmoothed annual values being publicly available for wider comparisons.
As an attempt to make more valid comparisons with the two Law Dome IPO reconstructions, the temporal resolution of the other series was smoothed using the same 13 year Gaussian low-pass filter (table 1). It is important to recognise that smoothing a time series introduces substantial temporal persistence. This reduces the effective number of degrees of freedom (N eff ) in the smoothed time series and must be accounted for when calculating the significance of the correlation coefficients. There are different ways that this might be done. Vance et al (2017) use the calibrated bootstrapping method advocated by Ólafsdóttir and Mudelsee (2014) to try to account for serial persistence in the data. Here, we calculate N eff using the equation used by Cook and Jacoby (1977) based on Dawdy and Matalas (1964) . This assumes a simple, first-order autoregressive model for each smoothed series:
where: N eff number of effective degrees of freedom N number of paired observations r 1 lag-1 autocorrelation coefficient for series 1 r 2 lag-1 autocorrelation coefficient for series 2
Table 1(a) shows the autocorrelation coefficients for the different smoothed series as well as the corrected number of effective degrees of freedom and the associated critical threshold for a significant correlation (p < 0.05) based on equation (1). The high levels of autocorrelation present in the smoothed series dramatically reduce the degrees of freedom for the comparisons. The impact of this is seen in table 1(b) where only the cross-correlations between the climate records (Niño34, IPO and TPI) are significant but none of the proxies reach the significance threshold. Amongst the proxies, the two Law Dome IPO reconstructions do have the highest correlations with the climate indices-but these are Table 1 . Correlations for an extended period of all smoothed series (Gaussian 13 year filter applied, indicated by Ã ). Note, the PLF and DT-median had already been smoothed and LDsss was omitted. (DJF) refers to the summer months of December, January and February and (SHyr) is the Southern Hemisphere year from June to May (i.e. winter through to autumn). In (a) the lag-1 autocorrelation of each series is shown (AC1) and the effective number of degrees of freedom (N eff ) using equation (1) is indicated in the upper diagonal portion of the table. The lower diagonal portion shows the critical correlation threshold (p ¼ 0.05). Part (b) shows the Pearson cross-correlation values for the smoothed series. Correlations significant at 95% are shown in normal type and <95% are shown in italics (none are significant at 99%).
Environ. Res. Lett. 12 (2017) (Cook et al 2016) . The study also included an assessment of the drought index reconstruction against extended historical data (Ashcroft et al 2014) , which proved to be highly skillful. Both the Palmer et al (2015) and Cook et al (2016) studies demonstrate the potential of the proxies and methods, but they also highlight the ongoing need for closer collaboration on integrating multiple palaeoproxies that span a range of spatial and temporal domains relevant to past hydroclimatic variability across key sectors of the Southern Hemisphere. The results shown here (table 1), in Vance et al (2015) , and Vance et al 2017, further demonstrate the need for better appreciation not only of the different methods used to develop reconstructions from different proxy archives, but critically, different methods of assessing the validity and robustness when comparing reconstructions derived from different proxy archives.
